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(54) Intermediates Useful in the 
Preparation of Ravin Adenine 
Oinucteotide-labeled Conjugate* for 
use in Specific Binding Assays 



(87) Compounds of the formula: 



\0 



wherein ( COIL is a specifically 
biddable ligand. or a binding analog 
thereof, preferably an iodo thyronine 
such as thyroxine, bound through ah 
amide bond; n-mZ to 6; R 1 (s —OH or 

0 

11 

— O— P— OH- 



OH 

when R x and R* together form the 
group 



J u 

X 



orRMs 



0 

D 

-O— P- 



■OH 



H,C CH, 



OH 



when B^,""** Bl »nj — OH.Iare usaful 
intnrr<«di«tMi in tne preparation of 
labeled ronjugates of the formula: 



wherein RibcrtavirMPhos)2-fltbose 
represents the riboflavin— 
pyrophosphate-ribose residue in flavin 
adenine dinudeotide (FAO), and n and 

i CQlLare as hereinbefore 
defined. The FAD-Jabeted conjugates 
are useful as labeled conjugates in 
specific binding assays for 
determining rh» UnanH a 
binding partner thereto in ligand 
media such as serum. 
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SPECIFICATION 

Int mediates Us ful in The Preparation of Flavin Adenine Dinucleotide-Labeled Conjugates For 
Use In Specific Binding Assays 

Background of the Invention 
5 1 . Field of the Invention 5 
This invention relates to intermediates useful in the preparation of labeled conjugates for use in 
specific binding assays for ligands or their binding partners in a liquid medium, and more particularly 
for determining an iodothyronihe such as thyroxine in serum. This application is a divisional of our 
Application No. 79,21694. Serial No. 2023809. 
1 0 The iodothyronines have the following general formula: . 1 0 




wherein /J 1 and /}' are, independently, hydrogen or iodine. The principle iodothyronines of clinical 
interest are listed in Table 1 below. 

Table 1 



15 


lodothyronine 




A 1 




3,5.3' 5'-tetraiodothyronine 


iodine 


iodine 




(thyroxine; T-4) 








3,5,3' -triiodothyronine 


iodine 


hydrogen 




(liothyronine; T-3) 






20 


3.3',5' -triiodothyronine 


hydrogen 


iodine 




("reverse" T-3) 








* 3,3'-dHodothyronine 


hydrogen 


hydrogen 



The quantitative determination of the concentration of the various iodothyronines, particularly th 
hormones T-3 and T-4, in serum and of the degree of saturation of the lodothyronine binding sites on 
25 the carrier protein thyroid binding globulin (TBG) are valuable aids in the diagnosis of thyroid disorders. 25 
Likewise, the determination of other components of body fluids including serum is useful in assessing 
the well-being of an individual. Examples of other substances of clinical interest are evident from the 
description below* 



2. Brief Description of the Prior Art 

30 Specific binding assay methods have undergone a technological evolution from the original 30 
competitive binding radioimmunoassay (RIA) in which a radioisotope-iabeted antigen is made to 
compete with antigen from a test sample for binding to specific antibody. In the RIA technique, sampl 
antigen is quantitated by measuring the proportion of radioactivity which becomes associated with the 
antibody by binding of the radiolabeled antigen (the bound-species of the labeled antigen) to the 

35 radioactivity that remains unassociated from antibody (the free-species) and then comparing that 35 
proportion to a standard curve. A comprehensive review of the RIA technique is provided by Skeily et 
al, CHn. Chem. 1 9: 1 46( 1 973). While by definition RIA is based on the binding of specific antibody with 
an antigen or hapten, radiolabeled binding assays have been developed based on other specific binding 
interactions, such as between hormones and their binding proteins. 

40 From the radiolabeled binding assays have ev Ived non-radioisotopic binding arrays employing 40 
labeling substances such as enrymes as described in U.S. Patents Nos. 3.654,090 and 3.81 7.837. 
Recently further improved nonradioisotopic binding assays have been developed as 4«*erjbM in . 
German Offenlegungschriften Nos. 2.61 8.41 9 and 2.61 8.5 1 1 , based on US. Serial N s. 667 982 ana 
667,996. filed on March 1 8. 1 976 and assigned to the present assignee, employing pamcnjiart^niaua 

45 labeling substances, including coenzymes, cyclic reactanta. cleavable fluorescent entyme suostrates. 
and chemiluminescent molecules. Flavin adenine dinucleotide is mentioned as being a " 
coenzyme label since FAO functions as a coenzyme in useful monitoring reactions. In U.5. latent 
Application Serial No. 917,961, filed Jun 22, 1978 and assigned to the present assignee 



45 



(corresponding to our British Aoplication No. 7921 693) Serial No. 2023607 FAD is further described ' 
as useful in improved specific binding assays empi ying a prosthetic group as th label because FAD 
also functions as a prosthetic group in s lect biochemical systems. 

. Various methodologies exist for the determination of iodothyronine concentrations in the serum. 
, S ' 9n !T C f, nt a f anc ? '^thyronine assays was the development of the competitive protein binding 5 
assay by Murphy and Pattee, J. Clin. Endocrinol. Metab. 24: 1 87( 1 964) in which radiolabeled 
iodothyronine competes with serum iodothyronine for binding to TBG. The development of specific 
antiserum for the various lodothyronines permitted radioimmunoassays to be devised in which 
radiolabeled and serum Iodothyronine compete for binding to antibodies rather than to TBG. In both th 
1 0 competitive protein binding assay and the radioimmunoassay for an iodothyronine. the radiolabeled 1 0 
matenal consists of the native iodothyronine in which one or more of the iodine atoms are replaced bv 
a radioactive iodine isotope, usually '"I. The above-mentioned nonradioisotopic binding assays hav 
offered wen more advantageous methods for determining iodothyronines. particularly those methods 

i s fS^^ufZS ^ tffi'f 7 2 and . 404 °.90 7 «ww especially in OLS's 2.61 8.419 and 

15 2.8 1 8.5 1 1 and U.S. Serial No. 9 1 7,96 1 mentioned above. 1 5 

Summary of the Invention 

The novel intermediates of the present invention have the formula: 

NH — (-CH-f— NH— fCO)L 

• n 




wherein — ( — COJL is a soecfficailv bindabla li^n* 

o 

II 

— 0 — P — OH 



when R» and R a together form the group 



25 orR'ts 



OH 



when R* and R* are — OH. 



V 

H,C CH, 



-O — P — OH 

I 

OH 



25 



These intermediates, corresponding to formulae (3). (6). and (7) below, are useful in the 
30 C%Z£? % T" 1 ? VOT I?? 1 ™ dinuel90 « d « «FAO)~iabeled conjugates for us. in binding assays 
30 for determining hgands or binding parmers thereof, of anarytical intenm such as th. ic^othyronin 7. 30 

ISZ'?^** ^ r USa "l*" aSMV nf9fTWl t0 employing a prosthetic group label The 

FAO-labeled conjugates hav. the general formula: n >( .w«..»irwupi M «..™ 

MH-fCH 2 ^-N1l-K0)L 



Rib navin-(Plio«) 2 .Ribosc 



?6 



wherein Riboffavin-(Phos) ? -Ribose represents the riboflavin-pyrophosphate-ribose residue in FAD; n=2 
through 8, and preferably is 2 or 6; and — ( — CO)L is a specifically bindable ligand. or a specific binding 
analog thereof, and preferably is an iodothyronine such as thyroxine, bound through an amide bond. 

The specifically bindable ligand or analog thereof in the present labeled conjugates, in terms of its 
5 chemical nature, usually is a protein, polypeptide, peptide, carbohydrate, glycoprotein, steroid, or oth r 
organic molecule for which a specific binding partner is obtainable. In functional terms, the ligand will 
usually be an antigen or an antibody thereto; a hapten or an antibody thereto; or a hormone, vitamin, or 
drug, or a receptor or binding substance therefor. Most commonly, the ligand is an immunologically- 
active polypeptide or protein of molecular weight between 1 .000 and 4,000.000 such as an antigenic 
1 0 polypeptide or protein or an antibody; or is a hapten of moiecular weight between 1 00 and 1 ,500. 

FAO-labeled conjugates wherein the ligand therein is an iodothyronine are particularly useful in 
specific binding assays to determine the iodothyronine in liquid media such as serum and preferably 
have the general formula: 




1 S Riboftavin-{Phos),-Ribose 

wherein Ribofiavin^Phos^-Ribose represents the ribofiavin-pyrophosphate-ribose residue in flavin 
adenine dinucleottde, /r=2 through 6. and /P and /J 1 are. independently, hydrogen or iodine. 

The FAD-labeled conjugates are used in binding assays for the ligand or a specific binding partner 
tnerefor and are determined, i.e., monitored, for the purposes of the assay by measuring FAO activity 
ZO e.g., the coenzyme or prosthetic group activity generated upon combination of such conjugate with an 
f^^^^T^ X ^^^f^?^V^ m its function as described in detail in the above- 

. mt J* p ? s ° nt FA 0-'abeled conjugates can be prepared by a variety of synthetic routes. Exemplary 
of such available synthetic routes is the following general reaction procedure: 




25 

fit 



CW^jf i$fi£^ purine ( 1 ) [Hampton et al. J. Am. 

G/iam. Soc 83. 1 50( 1 96 1 )] with an a,<*-diaminoalkane selected from those listed in Table 2 

Table 2 



3Q n <x*<*-dtominoaikan9 

2 1,2-diaminoethan 

3 1 ,3-diaminopropane 

4 1 ,4-diaminobutane 

5 1 ,5-dtaminopentane 

6 1,8-diaminoh xane 



35 yields th intermediate 6^co-aminoallcyl)-W2\3'-0-isopropYlidine-/J-0-ribofuranosyl) purine (2). 
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4 



NH-f-CHj^NHj 




< 1 J 



n * 2-6 



The amino-purine intermediate (2) is then finked by formation of a peptide or amide couple with either 
the ligand, where such contains a carboxyfic acid function, or a binding analog of the ligand (e.g., a 
derivative of the ligand) which analog contains the desired carboxylic acid function, to form the ligand 
5 or analog substituted adenosine intermediate of the present invention of formula (3) 



nh — (CH- 



HO 




-NH-fCO)L 



(3) 



n m 2-6 



H 3 C 



x 



CH, 



wherein — {— C0)L is the ligand or analog thereof bound by an amide bond. Such condensation 
reactions can be accomplished by reacting the amino-purine intermediate (2) directly with the 
carboxylic acid-containing ligand or ligand analog using conventional peptide condensation reactions 

10 such as the carbodilmide reaction (Science /44:1 344<1 964)1. the mixed anhydride reaction [Erianger 
v a 2 Vol^? Irnmunohtgy and Immunochamistry, ed. Williams and Chase. Academic Press (New 
York 1 967) p. 1491. and the add azide and active ester reactions [Kopp\a, Peptides and Amino Acids. 
w. A. Benjamin. Inc. (New York 1 966)). See also for a general review Clin. Cham. 22:726(1 976). 

i r .: 1 X Wl " be reeo 8 nized - of ewe. that other well known methods are available for coupling the 
ili an l? r 3 d8nvativ8 ther w» f » *e amino-purine intermediate 121 In particular, conventional 
Afunctional coupling agents can be employed for coupling a ligand, or its derivative, containing a 
c*roe*ylie acid or amino group to the amino-purine intermediate (2). For example, amine-amine 
22SEv2j£? ntS Such 88 ^socyanates. o/fimidoesters. and glutaraldehyde flmmunoeham. 
ffrKH 1 969)1 can be used to couple a ligand or derivative containing an amino group to the amino- 

io purine intermediate (2). Also, appropriate coupling reactions are well known for inserting a bridge 
group in coupling an amine (e.g.. the amino-purine intermediate) to a carboxylic acid (e.g.. the ligand or 
a derivative thereof). Coupling reactions of this type are thoroughly discussed in the literature, for 
instance in die above-mentioned Kopple monograph and in Lowe 8- Oaan. Affinity Chromatography. 
John Wiley & Sons (New York 1 974). 

25 Such coupling techniques will be considered equivalents to the previously discussed peptide 
condensation reactions in preparing useful labeled conjugates. The choice of coupling technique will 
depend on the functionalities available in the ligand or analog thereof for coupling to the amino-purine 
tfttermediate 12) and on the length of bridging group desired. In all cases, for purposes of this disclosure, 
tn resulting cond nsation product will comprise the amino-purine intermediate, which ultimately is 

30 converted t PAO. bound to the remaining portion of the product, or ultimately to the remaining portion 
of the FAO-labeled connate, through an amine bond. Such remaining portion of the condensation 
product, or conjugate, will be considered as a residue of a binding analog of th ligand. unless the 
Hgand itself . directly coupled to the amino-purine intermediate 12). Thus, in this description and in th 

35 STrZh «?S J^T 8 " " ""l - " 00 "- "P"""* the ligand or a binding analog th reof coupled- 
35 through an am.de bond, wh rein such analog can be a derivative of the ligand coupled by peptide 



10 



15 



20 



25 



30 



35 



condensation or can b the ligand or d rivative ther of coupled through a bridging group inserted by 
coupling of the ligand or derivativ with a Afunctional coupling agent. 

It is evident that in coupling the ligand or derivative thereof to the amino-purine intermediate (2) 
it may be desirable to protect certain reactive groups in such ligand or derivative from participating in 
5 side reactions during coupling. Protection of reactive groups may also be desirable to prevent 5 
interfering reactions during the synthetic steps described below for completing the preparation of the 
FAD-labeied conjugate. Depending upon the specific ligand or derivative involved and the coupling 
technique chosen, the addition of protecting groups at the reactive sites on the ligand or derivative can 
be accomplished before or after the coupling to the amino-purine intermediate <2K One skilled in th 

1 0 art will have a wide variety of conventional blocking reactions from which to accomplish the desired 1 0 
protection of reactive groups such that the blocking group added can be readily removed in a 
subsequent synthetic step to yield the original ligand or derivative coupled to FAD. 

For instance, where the ligand is an iodothyronine. it is preferably treated to protect the amine 
group prior to condensation or linkage with the amino-purine intermediate. The amine-protected 

1 5 iodothyronine intermediate has the formula: 1 5 



(4) 




wherein Y is an amine-protecting group. It will be recognized that protection of the amine group is a 
conventional procedure and the amine-protecting group can be selected from a wide variety of groups 
including tnfiuoroacetyl, which is preferred, and the like, such as others of the acyl type (e.g., formyl 
20 benzoyl, phthalyt. p-tosyl, aryt- and alkylphosphoryl, phenyl- and benzylsulfonyl. tritylsulfenyl, 0- 
nitrophenyi- sulfenyl and o-nitrophenoxyacetyi), those of the alkyl type (e.g., trityl, benzyl and 
alkyhdene) and those of the urethane type (e.g., carbobenzoxv. 0-bromo- o-^hlorr?- ar?d p- 
rr.ethc^/carUOuaiUoxy, rosyioxyaikyloxy- cyciopentyioxy-, cyclohexyloxy^ t-butyloxy, 1.1- 
dfmethylpropyloxy, 2-(p-biphenyl)-2-propyloxy- and benzylthiocarbonyt. 

The substituted adenosine intermediates formed by condensation or linkage between the amino- 
punne intermediate (2) and the amine-protected iodothyronine intermediate (4) are of the formula 131 
wherein — < — COIL is: 



25 



20 



25 




(Si 



a 1 .* 2 - 



H or I 



30 



wherein Y Is an amine-protecting group as above. 

or eneT^T^ i3) with P no ^ oroua oxychloride produces the phosphorated ligand 30 

or analog substituted adenosine intermediate of the invention of formula (6) 



o 

HO-P-O 

I 

OK 



HH-fCH- 



-NH-fCO)L 



n - 2-6 



(6) 



which upon hydrolysis yields th ligand or analog substituted 5'-adenylfc acid intermediate of the 
inv nti nof formula (7). 



6 
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m 



n » 2-6 



OH OH 



Condensation of riboflavin-5 f -monophosphate with intermediate (7) activated to a 
phosphonmtdazolidate by treatment with N.N'-carbonyldiimidazole yields FAD-labeled conjugates (8). 



NH-fCH 



Riboflavin- (Phos> 2 - Ribo; 



«6 

km 



2~ 



NH-(CO)L 



n » 2-6 



tat 



5 In the preferred embodiment wherein the ligand is an iodothyronine. and thus — (— COL is 
represented by formula (5) above, the resulting FAO-iodothyronine conjugates are of the formula: * 



NHY 



| H ^ CH 2 t ^ SH -|^ HCH r( o >-o-< o 



n » 2-6 




(9) 



Riboflavin- (Phos) 2 -Ribosa 0 1 . 0 2 » H or I 

wherein Y is an amine-protecting group, or upon conventional treatment for removal of such protecting 
group. Y is hydrogen* 

,10 As stated hereinabove, the ligand which is comprised in the labeled conjugate or whose binding 
analog is comprised in the labeled conjugate is in most circumstances an immunologically-active 
polypeptide or protein of molecular weight between 1 ,000 and 4,000.000. such as an antigenic 
polypeptide or protein or an antibody, or is a hapten of molecular weight between 1 00 and 1 .500. 
Various methods for coupling such ligands or analogs thereof to the amino-purine intermediate (2) , 
1 5 through an amide bond in the synthesis of the present FAO-labeled conjugate will now be presented. 

Polypeptides end Proteins 

Representative of specifically bindable protein ligands are antibodies in general, particularly those 
or the IgG, IgE, IgM and IgA classes, for example hepatitis antibodies; and antigenic proteins such as 
->n i? s V ,ln ' chor1onic gonadotropin (e.g., HCG), carcinoembryonic antigen (CEA). myoglobin, hemoglobin. 
ZU follicle stimulating hormone, human growth hormone, thyroid stimulating hormone (TSH). human 
placental lactogen, thyroxine binding globulin (TBG), instrinsic factor, transcobalamin. enzymes such as 
alkaline phosphatase and lactic dehydrogenase, and hepatitis-associated antigens such as heptatis B 
surface antigen (HB,Ag). hepatitis B e antigen (HB,Ag) and hepatitis B core antigen (HBgAg). 
Representative of polypeptide ligands are angiotensin I and II. C-peptide. oxytocin, vasopressin, 
neurophysin. gastrin, secretin, and glucagon. 

Since, as peptides, ligands of this general category possess numerous available carboxylic acid 
and amino groups, coupling to the amino-purine intermediate (2) can proceed according to 
conventional peptid condensation reactions such the carbodiimide reaction, the mixed anhydride 
reaction, and so forth as described hereinabove, or by the use of conventional Afunctional reagents 
30 capable of coupling carboxylic acid or amino functions t the amino group in the amino-purine 

intermediates (2t as lik wise described above. General references concerning the coupling of proteins 
to primary amines or carboxylic acids are mentioned in detail abov . 



10 



15 



25 



20 



25 



30 
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Haptens 

Haptens, as a class, offer a wide variety of organic substances which evoke an immunochemical 
response in a host animal only when injected in the form of an immunog n conjugate comprising the 
hapten coupled to a carrier molecule, almost always a protein such as albumin. The coupling reactions 
a for forming the immunogen conjugates are well developed in the art and in general comprise the 5 
coupling of a carboxylic acid ligand or a carboxylic acid derivative of the ligand to available amino 
groups on the protein carrier by formation of an amide bond. Such well known coupling reactions are 
directly analogous to the present formation of labeled conjugates by coupling carboxylic acid ligands or 
binding analogs to the amino-purine intermediate (2h 

1 0 Hapten ligands which themselves contain carboxylic acid functions, and which thereby can b 10 
coupled directly to the amino-purine intermediate (21. include the iodothyronine hormones such as 
thyroxine and liothvronine, as well as other materials such as biotin. valproic acid, folic acid and certain 
prostaglandins. Following are representative synthetic routes for preparing carboxylic acid binding 
analogs of hapten ligands which themselves do not contain an available carboxylic acid function 

1 5 whereby such analogs can be coupled to the amino-purine intermediate (2) by the aforementioned 1 5 
peptide condensation reactions or Afunctional coupling agent reactions (in the structural formula 
below, n represents an integer, usually 1 through 6, and Me represents methyl). 

Carbamazepine 

Oibenzlb.fjazepine is treated sequentially with phosgene, an eu-aminoalkanol. and Jones reagent 
20 (chromium trioxide in sulfuric acid) according to the method of Singh. U.S. Pat No. 4.058.51 1 to yield 20 
the following series of carboxylic acids: 



I 

CONH-CCHjJ^-COOH 

Quinidina 

25 ,„h tZi'!r ,n ?^ meth0d f 000,5 * Pharm »co'o9ist 1 721 9(1 975). quinidlne is demethyiated 

dlriv^e 5-bromovalerate followed by acid hydrolysis to yield a suitable carboxylic acid 25 

Oigoxin and Digitoan 

*. m I?h«!SSr°.?' * T 9 ^^° ** eo-d » «• **** wittl succinic anhydride and pyridine according to 
the method of Oliver eta/, J. Clin. Invast 47:1035(1 968) to yield the following: 



30 30 



Theophylline 




J I I Jo« I - H or OH 



MmJmnHS t"*™'"? 0, of C 00 * * *«* Comm. Cham. Path. Pharm. t J : 497( 1 976). 4.5- 
dtamlno-1 .3-d.methylpynmidine-2.6-dtone is heated with glutarie anhydride to yield the following: 



H 

^CCHj^COOH 



I 



35 Ph n barbital and Primidone 35 
Sodium phenobarbital is heated with methyl 5-bromovalerate and the product hydrolyzed to th 
corresponding add derivative of phenobarbital [Cook er at. Quantitative Analytic Studies in £pi/epsy. 
ed. Kelleway and Peterson. Raven Press (New York 1 976) pp. 39 — 58): 



a 

— — — — — — — — — — _ GB 2 040 943 A 8 




. . J° ,he acid derivative of primidone following the same Cook et at reference m«thoH ■> 
th.ophenobarb.ta. is alkylated, hydrolyzed. and the product treated ^tS^TS^SE* 




5 Diphenylhydantoin 




COOH 



10 Morphine 

Morphine free base is troated with sodium /J-chloroacafctfa according to the method of 10 
Spector eta/. Scene* 168'A 347(1 970) to yield a suitable carboxylic acid derivative. 

Nicotine 

i 

1 e Accordin 9 10 *• method of Langone at a/. Blochem. t2(24h502Stt 973). trans- 

"Vdroxymethylmcotine and succinic anhydride are reacted to yield the following: 15 




HOOC-eCH^C-OCH^ 
Androgens 



20 
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J -post tion 




7-poat tion 




Estrogens 



S-eCH.*— COOH 

L, It 



Suitable cartioxylic acid derivatives of estrogens, e.g.. estrone, estradiol and estriol. are prepared 
ti according to the method of Bauminger er a/, supr*. as represented by the following estrone derivativ : 




Progesterone* 



N-OCH 2 -C0OH 



Suable carboxyltc add derivatives of progesterone and its metabolites linked through any of the 
3-. s- or 7-positions on the steroid nucleus are prepared according to the method of Bauminger at a/, 
1 0 suprw, as represented by the following progesterone derivatives: 1 0 



tion 



HOOC-CHjO-N 
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7-poiition 




s ^ CH zhr C00H 



The methods described above are but examples of the many known techniques for forming 
suitable carboxylic acid derivatives of haptens of analytical interest. The principal derivation techniques 
are discussed in Clin. Chem. 22:726(1 976) and include esterification of a primary alcohol with succinic 
5 anhydride {Abraham and Grover. Principles of Competitive Protein-Binding Assays* ed. Odell and 
Daughaday. J. B. Uppincott Co. (Philadelphia 1 97 1 ) pp. 1 40—1 57), formation of an oxime from 
reaction of a ketone group with carboxylmethyi hydroxyiamine [J. Biol. Cham. 234:} 090(1 959)], 
introduction of a carboxyl group into a phenolic residue using chloroacetate [Science 
1 68:} 347( 1 970)1. and coupling to diazotized p-aminobenzoic acid in the manner described in J. Biol. 
10 Chem. 255:1051 (1960). 

The general reaction scheme described above is exemplified by the following descriptions of the 
synthesis of the ethyl (n=2) and hexyl (n=6) analogs of the FAD-iabeled conjugates wherein the ligand 
is the iodothyronine thyroxine {i.e.. — ( — C0)L is of the formula (5i wherein /}' and /S 2 are both iodine). 
Also provided are descriptions of assay methods, and results therefrom, employing the exemplified 
1 5 analogs as labeled conjugates in a specific binding assay for thyroxine. 

1. Ethyl Analog 

1*1. Preparation of the Labeled Conjugate 

6^-Aminoethyl)amino-9^2\3'^HSopropyiM purine I2J. 

13.56 grams (g) (41.5 milllmoles (mmol)] of 6H^loro-9^2\3 , -0-4Sopropyiidene^-0- 
20 ribofuranosyl) purine (t) [Hampton et at. J. Am. Chem. Sac 83:} 50(1 961 )| was added with stirring 
over a 1 5 minute period to a cold excess of 1 ,2-diaminoethane [75 milliliters (mil]. Tho 
wiUuuii was aiiawed to sxana at room temperature for 24 hours. The solution was evaporated in vacuo 
and the resulting yellow oil was stirred with 50 ml of cold saturated sodium bicarbonate. The mixture 
was evaporated in vacuo and the resulting residue was further repeatedly evaporated in vacuo first 
from water (3 times from 50 ml) and then from 2-propanol (4 times from 50 mi) to obtain a yellow 
glass ( 1 5 g). A portion (3 g) of the glass was dissolved in a small volume of water which was then 
applied to the top of a 25x55 centimeter (cm) Oowex 50W-X2 cation exchange column in the 
ammonium form (Bio-Rad Laboratories. Richmond, California USA). 

Tha column was eluted with a linear gradient generated with 2 liters (U each of water and 0.5 
molar (M) ammonium bicarbonate. The elution was completed using a linear gradient generated with 2 
L each of 0.5 M and 1 M ammonium bicarbonate. The effluent from the column was collected in 1 9 ml 
fractions and monitored by elution on silica gel thin layer chromatography (TLC) plates (E. Merck. 
Darmstadt West Germany) with a 9:1 (V:v| mixture of ethanol and ammonium hydroxide. T>ie 
developed TLC plates were examined under ultraviolet light then sprayed with ninhydrin reagent 
[Randerath. Thin Layer Chromatography. Academic Press ( 1 966)1. Fractions numbered 250 through 
350 from the column chromatography were combined and evaporated in vacuo leaving the desired 
purine (2) as a pale yellow amorphous glass (1 .5 g). 

Analysis: 

Calculated for C 19 H u N 9 0 4 : 

C, 51.42; H, 6.33; N. 23.99 
Found: 

C. 50.92; H. 6.54; N. 23.01 
NMR (60 MHz. COCI,): <5 1 .37 (a. 3H. isopropylidene), 1 .63 (s, 3H. isopropylidene). 5.92 (d, 1 H. 
r-ribose), 7.90 (s, 1H. purine). 8.26 (s, 1H, purine) Optical Rotation [a|?»-74.85 0 (c 1.0. 
CH 3 0H) 0 

The remaining crude product (1 2 g) was purified by chromatography on Oowex 50W-X2 as 
described above. The overall yield was 8 g (55%). 

cHN-TrifluoroacetyiJamino-/^ propanoic 
actd (4). 

S° This compound was prepared by the method of Blank. J. Pharm. Sci. 53:} 333( 1 964). T a cooled 
(0°C). stirred suspension of 5 g (6.4 mmol) of L-thyroxine (Sigma Chemical Co.. St Louis. Missouri 
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USA) in 60 ml of dry thyl acetate was added 11 .5 ml of trifluoroacetic acid and 1 .9 ml of 
trifluoroacetic anhydride. After 30 minutes the resulting clear solution was washed three times with 30 
ml of water, once with 30 ml of 5% sodium bicarbonate, and twice with 50 ml of saturated sodium 
chloride. The combined aqueous washings were extracted twice with 20 ml of ethyl acetate. The ethyl 
5 acetate layers were combined and washed with 30 ml of water, then dried over magnesium sulfate. 5 
The dried ethyl acetate solution was evaporated in vacuo leaving a white solid. Recrystallization from a 
mixture of ethyl ether and petroleum ether gave a pinkish-white solid (3.95 g, 70.5% yield) having a 
melting point (m.p.) of 228 — 230°C with decomposition. 

Analysis: 

10 Calculated for C„H 1o F 3 l 4 N0,: 10 
23.39; H, 1.15; N. 1.60 

Found: 

C. 23.00: H, 1.05: N, 1.65 
NMR [60 MHz. 0C0N(C0,)J 57.28 (s, 2H, aromatic), 8.03 (s. 2H, aromatic). 9.7 (m. 1 H, amido) 
15 |R (KC1): 1700 (>C=0> Optical Rotation 14.97° (c 1 .0 dimethylsulfoxide) 15 

A second recrystallization produced a second precipitate (0.95 g) m.p. 224 — 228°C with 
decomposition. The overall yield was 87.5%. 

N-(2-(N-(Trffluoroacetyl)-3^^ 
adenosine (3h 

20 A solution of 8.72 g ( 1 0.0 mmol) of a^N-trifluoroacetyl)^mino-/M3,5^nodo^3\5'-dnodo-4 # - 20 
hYdroxyphenoxy)phenyl]propanoic acid (4) and 3.86 g (1 1.0 mmol) of 6-a-aminoethyl) amino-9- 
(2'.3 # -0-tsopropylidene*/^0-ribofuranosyl) purine (2) in 50 ml of dry dimethylacetamide was prepared 
under a dry argon atmosphere at -20°C. To this cold stirred solution was added a solution of 3.04 g 
(1 1.0 mmol) of diphenylphosphoryl azide (Aldrich Chemical Co., Milwaukee. Wisconsin USA) in 10 ml 

25 of dry dimethylacetamide followed by the addition of 1.6 ml (1 1.0 mmol) of dry triethytarnine. The 25 
solution was left at room temperature for 22 hours. The solution was then added dropwise to 300 ml 
of cold (0°C) water with stirring. The resulting white precipitate was collected by filtration and dried in 
vacuo (56°C) to give 1 3.0 g of a light cream colored solid. The solid wss dissolved in 500 ml of 
acetone and the solution was concentrated by boiling. The white solid which precipitated from the 

30 be: ling ccctor.a solution w« coiiaCiou by flitraxion while not. Continued boiling of the filtrate produced 30 
two additional precipitates. The three precipitates were combined to give 8 g (66.6% yield) of a white 
solid, m.p. 1 98 — 200°C (decomposed). 

Analysis: 

Calculated for C^HsoFANA; , 
35 C. 31.89; H, 2.51; N, 8.14 35 

Found: 

C, 31.95; H, 2.60; N, 7.86 
NMR [220 MHz, (CO,) 2 SO) S 1 .32 (s, 3H, isopropylidene), 1 .55 (s. 3H. isopropylidene), 8.1 4 <d, 
1 H, 1 '-ribose), 7.02 (s, 2H, thyroxine), 7.82 (s, 2H, thyroxine), 8 .25 (s, 1 H, purine), 8.38 (s, 
^ ,1 H, purine), 8.41 (t 1 H, J-6, amido), 9.84 (d. 1 H, J«8, trifluoroacetamido) 40 

Optical Rotation (a)?— 1 1 .82° (c 1 .0, pyridine) 

^2-[nHTrifluoroa<*tyl)-^ 

adenylic add monotriethyiamine salt monohydrate (6). 

A solution of 1 2 g (1 .0 mmol) of N-{2-[N-(trifluoroacetyl)-3,3',5.5'- 

45 tetretodothyronyllaminoethyi |-2' # 3'-0-4"sopropyiidene adenosine (3) in 1 0 nil of dry triethyiphosphate 45 
was prepared under a dry argon atmosphere at 0°C To the cold, stirred solution was added 0.45 ml (5 
mmol) of phosphorous oxychloride- The resulting solution was kept for 24 hours at 0°C, then added 
dropwise with stirring to 1 L of ice water. The resulting precipitate was collected by filtration ond dried 
in vacuo to give 1 .23 g of a white solid. The solid was dissolved in acetone and 0.32 ml (2-2 mmoi) of 

50 triethylamine was added. A precipitate formed. The mixture was evaporated in vacuo and the resulting 50 
residue lixiviated with dry acetone, then recrystaiiized from a mixture of dry methyl alcohol and dry 
ethyl ether to give 390 mg (27.8% yield) of a white solid, m.p. 1 73—1 83°C (decomposed). 

Analysis: 

Calculated for C M H a F,l 4 N s 0 12 P: 
55 C. 32.50: H. 3.45; N. 7.98 55 

Found: 

C. 32.24: H. 3.08; N, 7.58 
NMR (60 MHz, (C0,) 2 S0| S 1.53 (s. 3H, isopropylidene), 6.2 (d, 1H, I'H-ribose). 7.1 (s. 2H. 
thyroxine aromatic), 7.87 (s, 2H. thyroxine aromatic). 8.27 (s, 1H. purine), 8.52 (s. 1H, 
60 ^ purin ) 60 

Optical Rotation [al^-17.50° (c 1.0, CH,0H) 
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N-|2-{N-<Trifluoroacetyl).3.3'.5.5'-t traiodothyronyl]aminoethyl|-5' -adenylic acid (7). 

200 milligrams (mg) (0.14 mmolj of N-|2-[N-(trifluoroacetyl).3.3'.5,5'- 
tetraiodothyronyl|aminoethvl|-2'.3'-0-isopropyliden -5'-adenvlic acid monotriethylamine salt 
monohydrate (6) was suspended in 1 ml of water <0°C) and trifluoroacetic acid (9 ml) was added 
5 dropwisa with stirring. After 30 minutes a clear solution was obtained. The solution was kept cold 5 
(0°C) for an additional 1 5 hours, then evaporated in vacuo (30°C). The resulting residue was 
evaporated four times in vacuo (25°C) from 20 ml volumes of anhydrous ethyl alcohol and then dried 
in vacuo (25°C) leaving a white solid. 

The solid was stirred for 30 minutes with 1 0 ml of cold methyl alcohol, then collected by filtration 
1 0 and dried in vacuo (25°C) to give a white solid ( 1 35 mg, 76% yield) which slowly melted with i o 

decomposition above 188°C. 

Analysis: 

Calculated for C ? ,H„Fjl 4 N 7 0,iP* 
C 27.97; H,2.19; N. 7.87 

15 Found: 1S 
C. 28.11; H.2.31; N, 7.65 
NMR [220 MHz. (CD 3 ),S0| S 5.95 (d. 1 H. 1 '-ribose), 7.04 (s, 2H. thyroxine aromatic), 7.84 (s. 2H, 
thyroxine aromatic). 8.25 (s. 1 H, purine). 8.36 (a. 1 H, purine). 8.43 (m, 1 H, amido), 9.66 (d. 
1 H, triffuoroacetamido) 

20 Optical Rotation [atf 9 =»-2.72 0 (c 1 .0. pyridine) . 20 

Ravin adenine dinudeotide-thyroxine conjugate (81. 

498 mg (0.4 mmol) of N-(2-(N-(trifluoroacetyl)-3^5.5^ 
adenylic acid (7) was dissolved in 10 ml of dry dimethylformamide and tri-n-butylamin© (98 microliters 
itil). 0.4 mmolj was added followed by the addition of 1 . 1 '-carbonyidiimidazole (320 mg. 2.0 mmol). 
After stirring for 1 8 hours at room temperature in the absence of moisture, water (280 ^1) was added 25 
and then the solvent evaporated in vacuo. 

The resulting oil was dried by repeated in vacuo evaporation from dry dimethylformamide (4 
frorr* 1 0 mO. The rsrJtfng phc^.orirriiciaiuiiuat© was redissoived in i u ml of dry 
dimethylformamide and added dropwise to a 0.4 mmol solution of the tri-n-octylamine salt of 
riboflavin-5'-monophosphate in 1 0 ml of dry dimethylformamide. The salt was prepared by adding a * 30 
solution of the ammonium salt of riboflavin-5'-monophosphate ( 1 92 mg, 0.4 mmol) in 1 0 ml of water 
to a stirred solution of trf-n-octytamine { 1 76 jil. 0.4 mmol) in 1 00 ml of acetone. After 30 minutes, the 
resulting mixture was evaporated in vacuo. The residue was dried by repeated evaporation in vacuo 
from dry dimethylformamide leaving the salt as an orange solid. 

35 The above solution containing the phosphorimidazolidate of (7) and the riboflavin-5'- 35 
monophosphate salt was divided into two equal aliquots after 24 hours and one aliquot was 
evaporated.//? vacuo. The resulting residue was chromatographed on a column (2.5x78 cm) prepared 
from 100 g of Sephadex LH-20 (Pharmacia Fine Chemicals. Uppsala, Sweden) which had been 
preswQjfen < 1 8 hours) in a 1 9:1 (v:v) mixture of dimethyl-fbrmamide and triethylammonium 

40 bicarbonate (1 M. pH 7.5). The column was eluted with the above 1 9:1 (vn/) mixture and 1 0 ml • 40 

fractions were collected. The effluent from the column was monitored by elution on silica gel 60 
sfenised RP-2 TLC places (E Merck, Darmstadt, West Germany). 

The TLC plates were developed using a 40:40:25:1 :1 (v:v) mixture of acetone, chloroform, 
methyl alcohol, water, and triethylamine. Fractions numbered 1 1 through 1 7 from the above* 

45 mentioned column chromatography were combined and evaporated in vacuo. The residue was 45 
chromatographed on a column (2.5 x 75 cm) prepared from 1 25 g of Sephadex LH-20 which had been 
preswolten (18 hours) in 0.3 M ammonium bicarbonate. The column was eluted with 0.3 M 
ammonium bicarbonate collecting 1 0 ml fractions. The effluent was monitored by absorption of 
ultraviolet light at 254 nanometers (nm). The volume of the fractions was increased to 20 ml beginning 

50 with fraction number 1 50. The salt concentration of the eluent was decreased in a stepwise fashion as 50 
follows: 0.1 5 M ammonium bicarbonate at fraction number 295. 0.075 M ammonium bicarbonate at 
fraction number 376. and water at fraction number 430. A total of 480 fractions was collected. 
Fractions numbered 200 through 235 were combined and evaporated in vacuo leaving the labeled 
conjugate id) as a y How-orange residue. An alkalin . aqueous solution of this residue exhibited 

55 ultraviolet absorption maxima at the following wav lengths: 266 nm, 350 nm, 373 nm, and 450 nm. 55 
The yield, estimated from th absorption at 450 was about 5%. 

A phosphodiesterase preparation (Worthington Biochemical Corp.. Freehold. New Jersey USA) 
isolated from snake v nom (Crotaius Adamantaus) hydrolyzed and th above product to riboflavin-5'- 
monophosphate and the thyroxine substituted 5'-adenylic acid f 7/ wherein the trifluoroacetyl blocking 

60 group had been r moved. qq 
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each reaction mixture was measured at 520 nm 

0. Results 

Follov 
absorbance 



auJts 

Following is Table 3 showing , th r suits of the assay procedure in measuring thyroxine. The 
bance results are xpressed as tne average 0 f duplicate runs corr cted for residual enzyme 
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1-11. Binding Assay for Thyroxine 

M »JlL f ^ ve 7; e ^ re ^ lab e*ed conjugate was us d in a prosthetic group-labeled specific binding 
assay as follows (further details regarding such an assay method may be found in the U.S Patent 
Application— Serial No. 9 1 7.96 1 -referred to hereinbefore): 

A. Preparation of Apoglucose Oxidase 

Bovine serum albumin (200 mg) was dissolved in 12 ml of water adjusted to pH 1 6 with 

mZZIy!!^ 1 l°r 9 Chare0a, ,R,A 9rad8 from Schwarz-Mann. Orangeburg. 

™ ■ and c ° c t0 1 °° c - Lvophilized glucose oxidase ( 1 00 mg) was redissoived in 3. 1 ml of 
T„u ' W3S 3dded W Stirred a'bumin^arcoal suspension with continued stirring forth™ 

1 5 Miilfooni m,l ^. ns,on ,r" through a 0.8 micron. 25 millimeters (mm) diamewr 

Z ^I rn JT^Vn 03 ^ B8df0,d ' MasMC "«««s USA) mounted In a Sweenex filter apparatus 
Stan of 2 ^ „Tn^ 5 2, m [ d ' S ^ M ^ e £ ,a ^ SVrinse - 11,9 fi,trate WM quickly neutralized to S 7 0 bv 
tfSfil? L 0.4 M phosphate buffer (pH 7.6) and thereafter 5 N sodium hydroxide. Ory^arcod 
0 50 mg) was then added and stirred for one hour at 0»C The resulting suspension was , firtwed fi«t 
20 IE!?? 0,8 m,c ™ ™llipore ^ then through a 0.22 micron MiMpSTfifter T?me filw« was 
20 added glycerol to 25* (vrv) and the stabiiized apoglucose oxidase preparation ww stored at ?C 

B. Assay Reegenta 

*t . J'-^'w ""'"S 3 * 9 — 7 " 8 «hyl analog labeled conjugate prepared as in section 1—1 above was 
diluted in 0.1 M phosphate buffer (pH 7) to a concentration of 1 micromolar UM>. 

2. Apoenzyme— Apoglucose oxidase was diluted with 0.1 M phosphate buffer (pH 7) to a 
*5 concentration of 0.6 pM FAD binding sites. The FAD binding site concentration of the apoenzyme 25 
preparation was determined experimentally by measuring the minimum amount of FAD required to 
give maximum glucose oxidase activity when incubated with the apoenzyme. 

a^fJiT?!"!!?,^^ nti 5 odv - A WM . n . ed - moi3t cak8 °f Sepharose 48 gel (Pharmacia Fine 
, n . . -.- - - ^"y- z ; ~" ■»-«»•»■ wu by cyanogen Dromide according to the method of March er at 

^l^*^ 30 
! 98m w . T i" ?iT n8 Sarum a,bum,n conjugate) in 20 ml of 0.1 M phosphate buffer (pH 7.0) and 

2o^^ Malaninewa, 
added and shaking continued for four more hours to block unreacted sites. The resulting Sepharose- 
bound antibody was washed on a sdntared funnel with 400 ml each of 50 mM sodium awttte^OO 

7) aTd 8oi TmTo?^ m2'°J de ? H 5> 3nd 50 mM pn08pha » « mM sodlumX^pH 35 

mJat!^«l^^T^ ta buff8f (pH 71 ^ motet fi,ter «*• w " ««P«nded in 1 00 
wspSUstoi containing 0.01% sodium azide to give 22 ml of an about 50% 

40 ^ in O.I^p^ in 5 mM ^'U-d. wasdiiuted to 2 

mixmnt SIm m!?- Mulo'fT 2 ? 0Xida8a MMV " ,aflent WM P r8Dan,d * «"« a, n the following 
ol^SLMta^ta; JnS « ^ P „ amxidasa (Siflma Cnem,ca ' Co - St 1 - ou ' 8 ' Missouri USA) in 
SiJlSSSnLvn!;^ Lii! "* 0, ^ n,M ^noantioyrine in water. 20 ,4 of 2S mM 3.5- 

rtrto" ^ P * nawbuffar <P H 7).and50 / ilof 1 M glucose in aqueous saturated benzoic acid 45 

C. Assay Procedure 

Binding n,ac^n mixtures were prepared by mixing 1 50 «l of the insolubilized antibody 
suspension. 80 1**"*^?*™ various amounts of tne Sl^SSSn. solution 

50 wngcon«yHr^ M so 

phosphate buffer (pH 7 to _mal a total voUim of 500 ^ Th. reaction mixtures were incubated with 
shaking for tw hours at 25 C Each reaction mixture was then vacuum filtered through a glass wool 
plugged, dry pasteur f^^SnSSS^ , M8 »"«V with pSodat.ln7.Z n glycot- 
solutions aHm.nat.pos«bl.FA0^ wasadded130 
55 /ilofthemomtonng reagent and 50 "l f th aooenzym solution. After one hour, the absorbanc of 55 

mar-H rma*+ir%t mivnini WSS mtaSUfau St 320 nm. 
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G3 2 04Q 943 A ia 
activity in th apoenzyme solution (absorbanca of O 522) anri 

suspensi n (absorbanca of 0. 1 42). roa " C8 0t a522 ' and for Oogenous FAO in the antibody 

Table 3 

Volume of Thyroxine 

Standard Added (tf Absorbanee (520 nm) s 

0 0.223 

25 0.221 

75 0.281 

250 0.286 

10 10 
Hexyl Analog 

2—1. Preparation of the Labeled Conjugate 

6^6.Aminohexy.)amin 0 .9^2^3^Msopropylld.n•.^ribofu^inosylJ purine (2). 

15 ^J^cfe^ 15 
distilled 1.6-diaminohexana |S, 500 mmo?) mSlSSSS^^ """^ { l°° Q 9amp,e * 

mixJe and 900 2 KXSSn were « iSJ^SSSST "'"^ ab0Ve 9:1 

chromatography (TLCJ on siliL \Z7o SfcS r.ELTSS - . * *£ 
triethylammonium bicarbonate (oH 7 5 Ml FnZtL J L . abaolut " »*yl alcohol and 

25 chrornatographywere^ned'.^ 

Vmiu . A i g sample of the afass was Hf««n. u »w - T * J w#w * wr a 9 I33S V residue 74% 

topof a column P^P^ftt^oS^ and appiied to the 

preswollen in methyl alcohoLThe column was^uted 2£ m^??.^.^ 8 ™?' 9 ; UpP8ala ' Sweden) 
fractions were collected Th» f«Z»-!!- . methvl ateon °'- A total of ninety 8 ml 

faying 910 mg ^r^^Z^aT^"^ ^ C ° m0,n8d " d aVap °" ,ted * "~ 



40 



Optical Rotation (aj»— 50.1 1 • (c 1.0. methyl alcohol) 
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Analysis: . - ' ' 

Calculated for C^jpN.O.: 

38 . ' C. 56.14; H, 7.44; N. 20.68 

Found: 35 



40 



hvdr^i™il 38 .? (5 ° mmo " °f <t ^N-trifluoroacetyl)amino-/M3,5-diIodo-4-<3' S'HlOodo-4'. 

mltrfdrydlmetmSo^amld^ ' 3 ^"P re PV<idene-/W^ribofuranosyl) purine «/ in 100 45 

stirred solution S^^^SS!ff^Sl J* " mMOh-fe « - 2 ° OC - To «*• cold 
Chemical Co.. Milwauke . A2S£ USA? fn sS *pheny1phoaphoryl azide (Aldrich 

of 0.8 ml (5.5 mmol) of dry trieSvlamin.Tr. . * dlm « tn V»formamid followed by the addition 
50 so,utionwa,th n21&*p^^ 

precipitate was collect* *KoS ifSZSZ - t0 ?J!.T with ,xifrin * 71,6 rwu,tina 50 
•did. A sample of this <° *• g (78% yield) of white 

m.p. 205— 207»C (decomposed) * mixtur8 of acetone and water giving a white solid. 
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Analysis: 



"•V 



Calculated for C 36 H 3i F 3 l 4 N 7 0 9 : 
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C. 34.8: H. 3.04; N. 7.77 
Found: 

C. 34.22: H, 2.99; N,7.41 
Mass Spectrum (20 ma) m/e: 1 262 [MH*1. 1 1 64 [NT minus COCFJ 
Optical Rotation (a]| s ^-2 1 .89° (c 1 .0, pyridine) 

N-|8-{N-<TriffuoroaceTyl)-3.3\5.5'-tetraiodott^ 
adenylic acid monotriethylamine salt monohydrate (6). 

A solution of 1 .89 g (1 .5 mmol) of N-|6-N-(trifuloroacetyl)-3,3',5,5'- . 
tetraiodothyronyl|aminohexyl|-2 ; .3'-OHSopropylidene adenosine (3) in 1 5 ml of dry triethylphosohat 
was prepared under a dry argon atmosphere at — 1 0°C To the cold stirred solution was added 0.68 ml 
(7.5 mmol) of phosphorous oxychloride. The resulting solution was kept for 1 8 hours at —1 5°C then 
added dropwise with stirring to 1 .5 L of ice water. The resulting precipitate was collected by filtration 
and dried in vacuo to give 1 .9 1 g (87% yield) of a white solid. The solid was dissolved in 1 0 ml methyl 
alcohol and 0.38 ml (2.6 mmol) of triethylamine was added. This solution was evaporated in vacuo and 
the resulting residue was recrystallized from a mixture of methyl alcohol and ethyl ether to give 720 
mg (33% yield) of a white solid, m.p. 1 51 — 1 54°C (decomposed). 

Analysis: 

20 Calculated for C 43 H M F 3 l 4 N t 0„P: 
C. 34.54: H, 3.86; N t 7.67 
Found: 

C 35 24* H 3.88* N, 7.75 
Mass Spectrum (20 maj m/e:'l 342 [MH+], 1 244 [M+ minus COCFJ 
25 optical Rotation [a] »=-1 7.20° (c 1 .0, CH,0H) 

N-(6-[N-<Trifluofoacei*l]-3^5.5'^ acid (7K 

600 mg (0.41 mmol) of N-(64^trifluoroacetyl)-3^5.5'-te^ 
isopropyiidene-5 r -adenvlic acid monotriethvlamine salt monohvdrate (6) was suspended in 0.6 ml of 
water (0°C) and trifluoroacetic acid (6 ml) was added dropwise with stirring. After 50 minutes a clear 
30 solution was obtained. The solution was kept cold (0°C) for an additional 1 5 hours then evaporated in 
vacuo (30°C). The resulting residue was evaporated in vacuo five times from 20 ml volumes of 
anhydrous ethyl alcohol then triturated with 30 ml water and washed with a small volume of methyl 
alcohol. The resulting white solid (430 mg) was recrystallized from methyr alcohol to give 290 mg 
(54.6% yield) of white solid, m.p. 1 80 — 1 83°C (decomposed). 
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35 Analysis: Calculated for C n H 39 F 3 l 4 N 7 0 11 P: 
C 30.46; H, 2.71; N, 7.54 
Found: 

, C, 30.77; H,2.55: N, 7.29 
Mass Spectrum (20 ma) m/e: 1 302 (MKT], 1 204 (M* minus COCFJ 

Ravin Adenine Dinucleotide— Thyroxine Conjugate {81. 

130.13 mg (0.1 mmol) of N^6^N^trif!uoroacetyiW,3^5,5Metraiodothy^onyl]aminohexyl|-5'- 
•denytic acid (7) was placed in an argon atmosphere. To this sample was added a solution of 14 pi (0.1 
mmol) of triethylamine in 1 ml of dry dimethylformamide followed by the addition of a solution of 1 6.2 
mg (0.1 mmol) of 1,1 '-carbonytdiimidazole in 1 ml of dry dimethylformamide. After 24 hours, a second 
equivalent of 1 ,1 '-carbonyldiimidazole (1 6.2 mg} in 1 ml of dry dimethylformamide was added. The 
above reaction was allowed to proceed a total of 48 hours at room temperature excluding moistur . A 
sample of 47.3 mg (0.1 mmol) of the ammonium salt of ribof1avin-5'-monophosphate was converted 
to the corresponding tri-n-octylamine salt as described in section / — / above. This salt was dissolved in 
3 ml of dry dimethylformamide and added to the above solution containing the phosphorimidazolidate 
of the adenylic acid intermediate (7). 

The resulting solution wss allowed to stand in the dark at room temperatur excluding moisture 
f or 24 hours. The solvent was evaporated in vacuo and th resulting residu was chromatographed on 
a column (2.5x78 cm) prepar d from 100 g of Sephadex LH-20 (Pharmacia Fine Chemicals. Uppsala, 
Sweden) which had been preswoilen (18 hours) in a 1 9:1 (v:v) mixture of dimethylformamide and 
triethytammonium bicarbonate (1 M, pH 7.5). The column was eluted with the above 1 9:1 (v*v) mixtur 
and 5 ml fractions were collected. The effluent from the column was monitored by elution on silica gel 
60 silanised RP-2 TLC plat s (E. Merck, Oarmstadt. West Germany). The TLC plates were developed 
using a 40:40*25:1 :1 (vrv) mixture of acetone, chloroform, methyl alcohol, water, and triethylamine. 
Fractions numbered 24 through 38 from the column chromatography were combined and 
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T^LV^fSS Zn IT?, . W8S ehrem "W** on a «""™ (2.5x85 cm) prepared from 1 25 
g of Sephad x LH-20 which had been preswoll n ( 1 8 hours) in 0.1 M ammonium bicarbonate The 
column was eluted w.th a linear gradient generated from 2L of 0.1 M ammonium bicarbonat and 2 L 
of water and 23 ml fractions collected. The effluent was monitored by ultraviol t absorption (254 nm) 
a Fractions numbered 1 70 through 1 82 were combined and evaporated in vacuo. The residue was 5 
chromatography on a column (2.5x 55 cm) prepared from 80 g of Sephadex LH-20 which had been 

£ n nc Pm ammonium . bi caraonate. The column was eluted with a linear gradient generated 
from 2 L of 0.05 M ammonium bicarbonate and 2 L of 0.02 M ammonium bicarbonate. The effluent 
i n !T a8 7"? n, * 0rBd * ^'^X'S 1 " abson5tion (254 "•">• Button was continued with 2 L of 0.2 M ammonium 
10 bicarbonate, collecting 23 ml fractions. A total of 257 fractions was collected. Fractions numbered 70 1 0 
through 1 10 were comoined and evaporated in vacuo leaving the labeled conjugate (8) as a yellow, 
orange residue. An alkaline, aqueous solution of this residue exhibited ultraviolet absorption maxima at 

4sV?m™ as Sow sif* 345 " m ' ^ 4S ° nm * ^ est,ma,ed from «*on«lon at 

15 • . ^Phosphodiesterase preparation (Worthington Biochemical Ccm. Freehold. New Jersey USA) 15 
isolated from snake venom (Crotalus Adamanteus) hydrolyzed the above product to riboflavin-5'- 
monophosphate and the thyroxine substituted 5'-adenyllc acid (7) wherein the trifluoroacetyl blocking 
group had been removed. 

2. — II. Binding Assay for Thyroxine 

20 The above-prepared labeled conjugate was used in a prosthetic-group labeled specific binding 20 
assay as follows (further details regarding such an assay method may be found in the US. Patent 
Application— Serial No. 91 7.961— referred to hereinbefore): 

A. Preparation of Apoglucose Oxidase 

The apoenzyme used was prepared by the method described in section /— il, part A above. 
25 B. Assay Reagents 

Jt . I'. La i > ! < ! d conjugate— The hexyt analog labeled conjugate prepared as in section 2—/ above was 
diluted in 0.1 M phosphate buffer (pH 7) to a concentration of 1 00 nM. 

2. Apoenzyme— Thia reagent was the same as that described In section 1—41, part B-2 above. 

3. Insolubilized antibody— Thia reagent th- -. st t-~°m ; fl ;_, 7> part g_g 
«jw above. 



, 4 « S . t !U dard ~" A 1 * 1 5 mM noek so'utio" of thyroxine in 5 mM sodium hydroxide was diluted to 1 
jiM in 0.1 M phosphate buffer (pH 7). 



55 



30 



5. Monitoring reagent— A glucose oxidase reagent was prepared to contain the following mixture 
-»c P" 1 17 z"*: 25 pi of 1 i mg/ml peroxidase (Sigma Chemical Co.. St Louis, Missouri USA)4n-0,4 -M 
38 phosphate buffer (pH 7). 5 pi of 1 0 mM 4-aminoantipyrine in water. 20 pi of 25 mM 3.5-dlchloro-2- 35 
hydroxybenzene sulfonate in 0.1 M phosphate buffer (pH 7). 1 7 pi of 30% bovine serum albumin in 0. 1 
P«*pn«« buffer (pH 7). and 50 pi of 1 M glucose in aqueous saturated benzoic acid solution. 

C. Assay Procedure 

Binding reaction mixtures were prepared by mixing 30 pi of the insolubilized antibody 
9 «fPe n «on. 1 00 pi of the labeled conjugate solution, either 1 00 pi or none of the standard thyroxine 40 
solution, and a sufficient volume of 0.1 M phosphate buffer (pH 7) to make a total volume of 500 pi. 
Thereaction mixtures were incubated with shaking for two hours at 25°C Each reaction mixture was 
e ? d thmu9h a G,M » wo ° l P'UQ9««. dry pasteur pipette previously treated sequentially 
wtm pertodate and ethylene glycol solutions to eliminate possible FAO contamination. To a 350 pi 

a*^ 1 flltr,t9 W " addBd 1 1 7 ^ <^ the monitoring reagent and 50 pi of the apoenzyme 45 
solution. After one hour, the absorbancs of each reaction mixture was measured at 520 nm. 

O. Results 

Following is Table 4 showing the results of the assay procedure in measuring thyroxine. The 
e« rt,anC8 rwults an —*Mmd as the average of duplicate runs corrected for residual enzyme 
au activity in the apoenzyme solution (absorbancs of 0.487) and for endogenous FAO in the antibody 50 
suspension (absorbancs of 0.04 1 ). 

Tabl 4 



Voluma of Thyroxine 

Standard Added (fill Absorbanca (520 nm) 

0 0.231 55 

100 0.295 



HtJUSHZ 2 9 ™ nstrate * at th f . pres nt labeled conjugates ar useful in a specific binding assay " 
method for detemiining a hgand in a liquid medium. 



Claims 

1 . A compound of the formula 



NH — f-CH.f— NH— fCO)L 
I * n 



^n^L^^ST* " 9and ' ° f ' ^ bound through an amid. 

0 



when R 1 and R J together form the group 



-0 — P— OH 



I 

OH 



10 



or R' is 



X 



10 



H 3 C 

0 

l| 

— 0 — P— OH 



_ , OH 

when R J and R 3 are —OH. 

2 - The compound of Claim 1 wherein said specifically bindabia ligand is an antigen or an antibody 
1 5 thereto; a hapten or an antibody thereto; or a hormone, vitamin, or drug, or a receptor or binding 
substance therefor. * 

3. The compound of Claim 1 wherein said specifically bindabia ligand fa an antigenic polypeptide 
or protein, a hapten, or an antibody. 

4. The compound of Claim 3 wherein said specifically bindabia ligand is an antigenic polypeptide 
20 or protein of molecular weight between 1 .000 and 4.000.000. 

5. The compound of Claim 3 wherein said specifically bindabia ligand Is a hapten of molecular 
weight between 100 and 1.500. 

^ compound of aaim 1 wherein said specifically bindabia ligand is an iodothyronine 
hormone. 

25 7. Tha compound of Claim 6 wherein said hormone is thyroxine. 
8. The compound of Claim 1 wherein ( C0)L is 



15 



20 



25 




a 1 V 

wherein Y is an amine-protectfng group and p and fi* are. independently, hydrogen or iodine. 
9. The compound of Claim 8 wherein Y is trifluoroacetyl. 
30 10. The compound of Claim 8 or 9 wherein both fi* and /J 2 are iodine. 
1 1 . The compound of any of Claims 1 to 1 0 wherein n«2 or 6. 
1 2* Any one of the co mpounds of Claim 1 described In the fo regoing Examples. 

tor Hot M*«V« Sttoomry OMo* fry *• Ourior Praia. UMringM Sec 198a PuMWi^brttitPMM Office 
23 Southampton Siuk&noji London. WC2A 1 AY, from n»Ncn c 
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